The use of antipsychotic medications has now expanded to multiple mental health conditions beyond schizophrenia. This has increased the overall population exposure to these medications, which have been associated with both metabolic changes and adverse cardiovascular effects. QTc prolongation, torsades de pointes, sudden cardiac death, myocarditis, and cardiomyopathy are all very real concerns that clinicians face on a regular basis. One must take these risks into consideration when selecting antipsychotic therapy and also when determining whether therapeutic changes and adjustments are necessary. This review examines a number of cardiac-associated concerns, the role that antipsychotics may play in contributing to these adverse events, and suggested management interventions.
Introduction
Antipsychotic medications are being more widely used because their approved indications have expanded beyond schizophrenia and include bipolar and major depressive disorder, delirium, dementia, and substanceinduced psychosis. With broadened use comes the increased need for improved understanding of not only the illnesses they treat, but also their potential impact on co-occurring disorders. This is especially important for cardiovascular disorders (Table) .
The treatment of schizophrenia is particularly challenging because the disease state itself is associated with increased cardiovascular morbidity and mortality rates. The risk of sudden cardiac death is estimated to be 2 to 4 times greater than in the general population. 1 An increased risk for coronary heart disease has been directly linked to schizophrenia (adjusted hazard ratio, 1.49). 2 Patients with psychosis and bipolar disorder are already likely to have a shortened life expectancy by 15 to 25 years because of an increased presence of cardiovascular disease and an increased likelihood of sudden cardiac death (SCD). [3] [4] [5] A primary concern when using antipsychotic medications is the possibility of potentially fatal cardiac-related adverse events. Although this risk is generally accepted, it remains unclear whether the psychiatric condition itself or the medications confer the greatest risk. Common risk factors for cardiovascular disease in the general population and in lower socioeconomic groups are also observed in patients with schizophrenia and bipolar disorder. These risk factors include sedentary lifestyles, increased tobacco use, poor dietary habits, lack of exercise, and alcohol abuse. In addition, many second-generation antipsychotics (SGAs) or atypical antipsychotics increase the risk of weight gain, as well as that of elevations in blood sugar and cholesterol concentrations, which further compounds the cardiovascular concerns related to their use.
The development of SGAs has created an increased risk for metabolic side effects, including obesity, diabetes mellitus, and dyslipidemia. The SGAs olanzapine and clozapine are associated with the greatest risk of weight gain. Ziprasidone, lurasidone, and aripiprazole confer a lower risk of metabolic side effects, specifically weight gain. 6, 7 When considering the increased cardiovascular risk related to mental health conditions alone, it is also expected that there is an increased risk of metabolic disorders as well as cardiovascular events in patients taking SGAs. 8, 9 Lastly, a US Food and Drug Administration boxed warning states that both first-generation antipsychotics (FGAs) and SGAs present an increased mortality rate when used in elderly patients with dementia. Risperidone and olanzapine were the first SGAs to be associated with increased mortality. Further study has implicated multiple antipsychotics across drug classes. The mortality increase is associated primarily with cerebrovascular-associated events, although a direct cardiac-related contribution must also be considered. [10] [11] [12] The most recent data 13 from clinical trials suggest that in patients older than 65 years who have dementia, there is a greater mortality risk associated with haloperidol, followed by risperidone, then olanzapine, and then quetiapine.
In addition to cardiometabolic concerns, other cardiovascular side effects from antipsychotic use may occur. Several antipsychotics antagonize a 1 receptors, which may cause orthostatic hypotension and reflex tachycardia.
14 A number of antipsychotics possess anticholinergic activity that is also associated with the development of tachycardia. These side effects are typically manageable with antipsychotic dose adjustments or treatment with medications to reduce heart rate when necessary. Cardiac side effects of a more severe nature that may result in sudden cardiac death include the development of ventricular tachycardia, torsades de pointes (TdP), delayed cardiac repolarization, myocarditis, myocardial infarction, and cardiomyopathy. 5, 15 A recent case-crossover study 16 completed in Taiwan reviewed more than 17 000 cases of patients who developed ventricular arrhythmia (VA) or who experienced 
Case 1: QTc Prolongation Case
A 48-year-old male who received a diagnosis of schizophrenia presents for a regular 3-month appointment. The patient appears his stated age, is dressed appropriately, and demonstrates good grooming and hygiene. He reports a normal, positive mood, and affect is appropriate. He denies current suicidal or homicidal thoughts and is optimistic about the future and one day moving to an independent apartment. The patient denies current auditory or visual hallucinations and paranoid ideation. He reports getting along well in the boarding home and has had no conflicts with staff or peers. He describes a favorable energy level and getting 8 hours of uninterrupted sleep per night. Speech is regular rate and rhythm. Memory is good for immediate, short-term, and remote recall, with good insight and judgment. Lurasidone 160 mg orally at bedtime (with a snack) Divalproex sodium 1500 mg orally twice a day for mood stabilization Carvedilol 25 mg orally twice a day for hypertension Lisinopril 10 mg orally daily for hypertension Metformin XR 1500 mg orally daily Lorazepam 1 mg orally 3 times a day for anxiety
QTc Prolongation
The QT interval is defined as the time from the initiation of ventricular depolarization (intracellular movement of sodium) until repolarization (extracellular movement of potassium) is complete. The extracellular flow of potassium is regulated by 2 rectifying currents-rapid and slow. Blockade of either channel can prolong repolarization and lengthen the QT interval. The rapid current is regulated by the ether-a-go-go-related gene, and any dysregulation may prolong the QT interval. 17, 18 The QT interval is inversely proportional to heart rate and is referred to as the QTc interval when corrected for heart rate. The upper limit of normal QTc interval varies; although most consider a normal interval for men to be less than 450 ms and for women less than 460 ms, others consider greater than 440 ms as borderline abnormal or as cause for additional monitoring. 19 In the clinical setting, an abnormally prolonged QTc interval is most often defined or recognized as greater than 470 ms in men and greater than 480 ms in women.
A prolonged QTc interval is a known risk factor for the development of the VA (polymorphic ventricular tachycardia) TdP, with the greatest risk occurring when the QTc interval exceeds 500 ms. The presence of TdP is mostly benign and self-limiting; however, it is potentially fatal.
Estimates suggest that for every 10-ms increase in QTc interval, there is a 5% to 7% increase of developing TdP. 20, 21 Medications, when prescribed, should be reviewed for their QTc-prolonging potential; however, it is important to remember that not all medications associated with QTc interval prolongation have been associated with the development of TdP. Conversely, there are antipsychotics with known TdP risk that are not strongly associated with QTc prolongation (Table) . The risk of TdP following the administration of medications that may prolong the QTc interval is greatest within the first 30 days of treatment; however, an estimated 40% of cases also occur after this time frame. 22 Common risk factors for QTc prolongation include: female sex, increased age, long QT syndrome, hypokalemia, hypomagnesemia, hypocalcemia, anorexia nervosa, bradycardia, heart failure, hypertension, renal and hepatic dysfunction, diabetes, and obesity. 17 When evaluating the presence of risk factors for QTc prolongation, one must also note that the QTc interval is susceptible to interindividual variability, diurnal variation, and changes in heart rate. 23 Some of the most common noncardiac medications associated with QTc prolongation are the FGAs and SGAs. Therefore, increased emphasis has been placed on identifying risk factors and monitoring baseline or periodic ECGs when treating patients with antipsychotic medication. A long QT syndrome is commonly associated with different genetic mutations, with most patients exhibiting QTc prolongation at baseline. However, other patients with long QT syndrome may only display ECG changes after unmasking by antipsychotic medications.
The risk of QTc prolongation and subsequent development of TdP has been associated with increased doses of antipsychotic medication. Intravenous administration of medications with QTc-prolonging potential increases the risk of QTc prolongation and TdP due to increased drug concentrations and increased cardiovascular exposure. 19 Additionally, there is an increased risk of QTc prolongation and TdP from increased drug concentrations caused by pharmacokinetic drug interactions.
A number of different medications and medication classes have been implicated in prolonging the QTc interval. These include, but are not limited to, antiarrhythmics, macrolide and quinolone antibiotics, and antifungals. Another important consideration in those with mental illness and those dually diagnosed with substance use disorders is that alcohol, cocaine, and other psychostimulants are associated with QTc prolongation. Both FGAs and SGAs have been associated with QTc prolongation. Thioridazine is the antipsychotic most likely to result in QTc prolongation, followed by ziprasidone, quetiapine, risperidone, olanzapine, haloperidol, and clozapine, in that order. 24, 25 The risk of haloperidol-associated QTc prolongation and the development of TdP is most often associated with intravenous administration. 26 Other antipsychotics, such as iloperidone, paliperidone, asenapine, lurasidone, fluphenazine, pimozide, droperidol, and chlorpromazine, have been associated with the development of QTc prolongation, although the risk is considered to be less. [27] [28] [29] [30] A recent 7-year review from the US Food and Drug Administration reported cases of TdP most commonly with olanzapine, quetiapine, clozapine, ziprasidone, risperidone, haloperidol, droperidol, and amisulpride, and, to a lesser extent, aripiprazole. 31 Aripiprazole's decreased likelihood to impact QTc has been further supported in other work comparing SGAs with the greatest risk of QTc prolongation and TdP in the absence of additional risk factors. 32, 33 Given this information and the varying effects on the QTc interval and development of ventricular tachycardia, concerns related to sudden cardiac death remain. One study suggested that FGAs and SGAs produce a 2-fold increased risk of sudden cardiac death. Specifically, this study examined cases involving thioridazine, haloperidol, olanzapine, quetiapine, risperidone, and clozapine. While the reported deaths were unable to be confirmed to be secondary to QTc prolongation, the association is likely. 5 In managing the different clinical aspects associated with QTc prolongation, intervention is focused primarily on preventative measures. Trinkley and colleagues 34 offered a suggested assessment and monitoring plan for reducing the risk of developing TdP from QTc-prolonging medications. First, it is important to identify existing risk factors for QTc prolongation. If risk factors are present, it is best to use antipsychotic medications with a lower potential for QTc prolongation. In some cases, risk factors may be modifiable and, if corrected, would not preclude one from using specific antipsychotics. Second, use the lowest effective dose when a QTc-prolonging medication must be used. Although specific QTc monitoring is not required for antipsychotic use, a conservative practice-based approach would be to obtain a baseline ECG prior to the initiation of antipsychotic, again once the drug is at a steady-state concentration, and then on a periodic basis thereafter (eg, monthly for 6 months and then every 6-12 months). 34 Serum electrolyte concentrations should also be monitored. QTc-prolonging drugs should usually be avoided if the baseline QTc is greater than 480 ms in women and greater than 470 ms in men. 34 If QTc is normal, but an increase greater than 60 ms is noted following the administration of an antipsychotic, consideration should be given to antipsychotic discontinuation. 34 In the case of the 48-year-old male currently being treated with lurasidone, the patient should receive a complete and comprehensive evaluation. All indications suggest the patient is psychiatrically stable on lurasidone and has been demonstrating an increased ability to function in an independent manner. The patient possesses the following risk factors for QTc prolongation: hypertension, diabetes, and obesity. Additionally, some may be concerned with the recent QTc interval of 470 ms, which is at the cutoff of what is considered QTc prolongation in men. However, the patient's baseline QTc interval was 440 ms (below this threshold), and the QTc increase after the addition of lurasidone was less than 60 ms. Despite the fact that the patient is at this cutoff, this is not his baseline reading, he is asymptomatic, his psychiatric symptoms are well controlled, and lurasidone is not considered to be a high-risk agent for QTc prolongation; thus, lurasidone is reasonable to continue. The patient should be strongly encouraged to improve control of the modifiable disease states of hypertension, diabetes, and obesity.
Sudden Cardiac Death
There are many causes of sudden death, and not all cases are linked to cardiac-specific events. One study found acute coronary syndromes to be the most common identifiable cause of sudden death, followed by upper airway obstruction, pulmonary emboli, and thrombotic strokes. Other identifiable causes include myocarditis, diabetic ketoacidosis, and septic shock. Diabetes, arterial hypertension, cigarette smoking, and dyslipidemia are common contributing factors. Many unexplained sudden deaths occur in patients with coronary artery disease. Ventricular arrhythmia or TdP is commonly suspected in these cases, even though they are not definitively identified as the cause of death. 35, 36 The development of TdP following ventricular fibrillation has been estimated to occur in 1% to 17% of TdP cases resulting in sudden death. 37 Dilated, hypertrophic, and right ventricular cardiomyopathies are some of the more common causes of sudden cardiac-related deaths. 38, 39 One early study 40 found a risk of sudden cardiac death that was 2.39 times higher in patients receiving 100 mg of thioridazine or equivalent dosing of antipsychotics. The same study found sudden death incidence rate ratios of 1.99 and 2.26 with the use of FGAs and SGAs, respectively. In a recent metaanalysis 41 of observational studies of sudden cardiac and unexpected death, higher odds ratios (ORs) were found with thioridazine (OR, 4.58), clozapine (OR, 3.67), risperidone (OR, 3.04), haloperidol (OR, 2.97), olanzapine (OR, 2.04), and quetiapine (OR, 1.72). Another review 42 has suggested a low number of reported deaths related to cardiovascular events for risperidone and paliperidone. Another study 43 examined ECGs for 6790 patients during a 5-year period upon admission to a public psychiatric hospital. They found 27.3% of admissions had abnormal ECG findings; 1.6% had long QTc intervals; and 0.9% were identified as having drug-induced QTc prolongation (!500 ms). A total of 5 patients experienced sudden cardiac death, and 7 others received a diagnosis of TdP. The authors 43 found that the risk of drug-induced QTc prolongation and arrhythmia significantly increases in the presence of hypokalemia, abnormal T-wave morphology, hepatitis C infection, and human immunodeficiency virus infection.
Sudden death is not always the result of a cardiac event and is often associated with different acute coronary syndromes. Additionally, common metabolic side effects associated with FGA and SGA use (eg, diabetes) may also play a contributing role. Although one cannot predict sudden death, consideration should be given to the use of agents less likely to contribute to metabolic abnormalities and with a lower reported association with sudden death events, especially when known risk factors are present.
Case 2: Myocarditis
A 47-year-old patient presents to the outpatient clinic with complaints of fatigue, muscle and joint pain, and shortness of breath. The patient's blood pressure is 90/ 64, pulse is 110 bpm and irregular, temperature is 39.18C (102.48F), and respiratory rate is 24 breaths per minute. The patient is currently taking clozapine 150 mg twice daily, started 3 weeks ago during an inpatient hospitalization for acute, decompensated schizophrenia. The patient has a history of a positive response to haloperidol decanoate, although it was discontinued because of the presence of early-onset tardive dyskinesia symptoms.
Myocarditis is an inflammation of the heart muscle thought to result from immunoglobulin E-mediated hypersensitivity. Patients experiencing myocarditis often present with no specific complaints. However, when symptomatic, the presentation often includes flulike symptoms, chest and joint pain, shortness of breath, fatigue, joint swelling, irregular pulse, leg swelling, and reduced urine output. 44, 45 Additionally, specific patients with clozapine-associated myocarditis have reported fever, vomiting, diarrhea, tachycardia, and dysuria. 44 Laboratory changes seen with clozapine-induced myocarditis include peripheral eosinophilia, and elevations in concentrations of C-reactive protein (CRP), creatinine phosphokinase, and troponin (I and T). [44] [45] [46] Patients may also experience a drop in systolic blood pressure, with nonspecific ECG changes. Impairment of left ventricular function may occur, although recovery typically occurs with the discontinuation of clozapine. 44 Clozapine is the antipsychotic most commonly associated with myocarditis; however, additional reports are linked to haloperidol, quetiapine, fluphenazine, chlorpromazine, olanzapine, and risperidone. [47] [48] [49] [50] [51] The estimated prevalence of clozapineassociated myocarditis is 0.7% to 1.2%. One review 44 suggested that the onset is most often between days 14 and 21 after initiation of clozapine therapy, although another 52 identified a median of 17 days of clozapine treatment. An absolute risk of 0.015% to 0.188% was found in another study. 45 Although not considered standard clinical practice, there have been reports of successful rechallenge with clozapine following episodes of myocarditis. 53, 54 Limited information is available concerning monitoring for myocarditis; however, the authors 44 of 1 review of 75 cases of clozapine-associated myocarditis provided recommendations. Prior to initiation of clozapine, they recommend obtaining baseline concentrations of troponin (I or T), CRP, and a baseline ECG. In addition, vital signs should be monitored at least every other day, and CRP and troponin concentrations monitored weekly for 4 weeks. If patients develop myocarditis-type symptoms (heart rate increases) or CRP increases above 50 mg/L, troponin and CRP should be checked daily, along with daily monitoring for myocarditis symptoms. If troponin concentrations are elevated, but less than twice the upper limit of normal (normal ,0.06 ng/mL), and CRP is below 100 mg/L, clozapine may be continued. Clozapine should be discontinued if troponin becomes elevated beyond twice the normal limit or if CRP is above 100 mg/L. 44 In the case of the 47-year-old patient receiving a diagnosis of schizophrenia, the presenting symptoms strongly suggest myocarditis. The first step is to discontinue clozapine and to obtain CRP and troponin concentrations immediately. Clozapine should be permanently discontinued if troponin concentrations are above 2 times normal or if CRP is above 100 mg/L. If troponin concentrations are not above 2 times normal and CRP is below 100 mg/L, consideration may be given to continuing clozapine; however, should symptoms of myocarditis continue, clozapine discontinuation is recommended. Even though this patient has responded in the past to haloperidol, its use should be avoided because of an increased association with tardive dyskinesia. As noted, myocarditis is most commonly associated with clozapine, but it has also been reported with haloperidol, fluphenazine, chlorpromazine, quetiapine, and risperidone, and these agents should be avoided. Additional agents that the patient has not been treated with or has not failed treatment with, may be considered. One agent, iloperidone, has not been associated with myocarditis and is associated with a lower risk of developing tardive dyskinesia, although the risk of orthostatic hypotension associated with iloperidone may make it difficult to use in a patient being taken off of clozapine abruptly.
Case 3: Cardiomyopathy
A 54-year-old patient presents to the emergency department with new-onset complaints of extreme shortness of breath, frequent coughing, fatigue, and mild chest pain. The patient takes clozapine 200 mg daily in the morning and 300 mg every evening, divalproex 1500 mg twice daily, and gabapentin 600 mg 3 times daily. The electronic medical record shows that clozapine was initiated 10 months ago during an inpatient hospitalization. The patient's history suggests failures of both FGAs and SGAs, although documentation describing the past treatment failures is limited. Blood pressure is 154/94, pulse is 110 bpm and irregular, patient is afebrile, respiratory rate is 28 breaths per minute, and O 2 saturation is 93%. ECG shows T-wave abnormalities suggesting left ventricular hypertrophy, and echocardiogram shows an ejection fraction less than 30%.
Dilated cardiomyopathy accounts for an estimated 7% of sudden cardiac deaths. It is the result of chronic disease of the heart muscle with subsequent impairment of systolic function. 38, 39 Hypertrophic cardiomyopathy and right ventricular cardiomyopathy may also occur and contribute to sudden cardiac death. Cardiomyopathy is difficult to detect clinically because symptoms typically present in a subtle manner and primarily consist of complaints of shortness of breath and fatigue. If unrecognized and untreated, mortality rates are high.
Clozapine is the primary antipsychotic associated with the development of cardiomyopathy, although the mechanism is not understood. 55 A recent systematic review 56 analyzed various published case reports and clinical trials that identified cardiomyopathy in patients treated with clozapine. The average age of those presenting with symptoms was 33.5 years, and the mean dosage was 360 mg/d. 56 The broad range of dosing at which cases have been reported suggests the phenomenon is not dose related. The primary presenting symptom was shortness of breath in 60% of reports; palpitations were the second most frequently reported symptom, in 36% of cases. 56 Additional complaints included cough (16%), fatigue (16%), atypical symptoms (12%), and chest pain (8%). 56 The average duration of treatment prior to onset was 14.4 months, with most patients presenting within 12 months; however, some cases presented as early as 3 weeks. 56 Diagnosis can be confirmed via echocardiogram showing a reduced ejection fraction. Current estimates of the prevalence of clozapine-associated cardiomyopathy sug-gest a rate of approximately 8.9 per 100 000 person-years; the rate in the general population is estimated at 7.5 to 10 per 100 000 patient-years. 56 It should be noted that clozapine-associated cardiomyopathy is likely to be underreported. Case reports also describe possible cardiomyopathy associated with perphenazine, risperidone, and quetiapine. [57] [58] [59] The primary treatment for clozapine-associated cardiomyopathy is the immediate discontinuation of clozapine. The ejection faction at the time of diagnosis appears to be a reliable predictor of prognosis. Ejection fractions below 25% predict a poor prognosis and higher mortality rate. Ejection fractions above 40% predict a high likelihood of full recovery if usual heart failure treatment is initiated. Although there are case reports of successful rechallenge with clozapine after cardiomyopathy, clinical guidelines do not support rechallenge. 56 Before starting clozapine, patients should have a baseline ECG and chest x-ray. 56 Echocardiograms are also recommended to establish a baseline for future comparisons. 56 In the case of the 54-year-old patient, all signs and symptoms suggest the patient is experiencing clozapineassociated cardiomyopathy. The time of onset is consistent with the onset of cardiomyopathy reported with clozapine. An accurate account of the patient's history of response to medication is critical given that clozapine is reserved for refractory cases. In this case, clozapine should be discontinued, and under no circumstances should this patient be rechallenged. In this case, one should also be prepared to intervene because patients who respond to clozapine often experience rapid psychiatric decompensations when clozapine is abruptly discontinued. Identification of any antipsychotics that have not been used, or a more clear assessment of whether previous treatment failures were related to nonadherence is an important determination to make and can be used to guide the next steps. Clozapine, quetiapine, risperidone, and perphenazine have all been associated with cardiomyopathy, often in case report form, although clozapine clearly possesses the strongest association. The onset of symptoms ranges from as early as 3 weeks to as late as slightly more than 1 year. In the event that patients report shortness of breath, cough, or fatigue, further evaluation is warranted to rule out cardiomyopathy. In patients with a history of cardiomyopathy, it may also be wise to avoid the use of quetiapine, risperidone, and perphenazine, given their reported association with cardiomyopathy. This patient is clearly at increased risk based on current symptoms, and ECG and echocardiogram findings and consideration should be given to the use of an antipsychotic not associated with the development of cardiomyopathy.
